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Abstract 
Palaeoenvironmental evidence indicative of former climatic conditions in the Eastern and adjoining Western Cape 
during the last ~ 45 000 years is presented and summarised. Interstadial conditions began before 43 000 BP but 
were succeeded by stadial conditions at ~ 24 000 BP. These climatic phases are designated the Birnam 
Interstadial and the Bottelnek Stadial after the type sites at which they were identified in the Eastern Cape. The 
Bottelnek Stadial apparently equates with the Last Glacial Maximum. Late Glacial warming was apparent by 
18/17 000 BP. Sea level rose markedly by ~ 14 000 BP. Climatic oscillations marked the end of the Late Glacial. 
The Early Holocene was drier than the Late Holocene and, at least in the Drakensberg, there was marked aridity 
in the mid-Holocene. Human responses to these climatic events are briefly described. 
Keywords: Late Quaternary; Last Glacial Maximum; Late Glacial; Holocene; palaeoclimatology; 
palaeoenvironments; South Africa 
 
1. Introduction 
The purpose of this paper is to make information on climate and associated environmental, faunal, floral and 
archaeological changes during the last ~ 45 000 yr in the study area, readily accessible to those interested in these 
topics. The study area, of temperate climate within the summer and all-year rainfall zones, lies between the winter 
rainfall area to the west and KwaZulu-Natal, which is sub-Tropical, at least in coastal areas, to the east. As such, 
the study area (Fig. 1) forms a distinct geographical region within South Africa. The paper outlines the spatial and 
temporal distribution of radiocarbon-dated evidence for climate and associated environmental change in this 
region, presents and summarises that evidence, and briefly describes human responses to those changing 
conditions. Evidence resulting from archaeological investigations undertaken as part of the Orange River Scheme 
(to dam that river and form the Gariep Dam), being on the high plains north of the Drakensberg, and hence being 
isolated from the main portion of the Eastern Cape, is not considered in this paper (Sampson, 1967; Sampson, 
1968; Sampson, 1970; Sampson, 1972; Sampson, 1974; Sampson, 1988; Sampson and Sampson, 1967). 
Explanations of the reasons for climate change, such as phases of reduced obliquity (Chase and Meadows, 2007), 
are beyond the scope of the paper. 
This paper complements recent reviews of Late Quaternary changes in the winter rainfall zone to its west 
(Meadows and Baxter, 1999; Chase and Meadows, 2007), as well as reviews of Late Pleistocene and Holocene 
climatic changes in southern Africa (Partridge et al., 1990), and of Last Glacial Maximum and Holocene 
Altithermal conditions in the sub-continent (Partridge et al., 1999). Information presented on the Bottelnek 
Stadial, which equates with the globally recognised Last Glacial Maximum (LGM), is relevant to the work of the 
EPILOG project (Environmental Processes of the Ice age: Land, Oceans, Glaciers; Mix et al., 2001). 
 
Fig. 1. The study area in relation to the Winter, Summer and All Year Rainfall zones of southern Africa. The 
zones are modified from those shown in Chase and Meadows, 2007. 
The incorporation of radiocarbon dating in palaeo-environmental (archaeological, geomorphological, palaeo-
zoological and palynological) studies has made it possible to construct an outline chronology of climatic 
conditions over the past ~ 45 000 yr in the study area. Environmental conditions that occurred before that date are 
largely beyond the limits of effective radiocarbon dating and are thus excluded from the present paper. Avery 
(personal communication) questions the reliability of radiocarbon dates older than 30 000 yr. 
Thermoluminescence dating has been used to a very limited extent in the Eastern Cape and in the adjoining 
Western Cape (e. g. Marker and Holmes, 1993; Marker and Holmes, 1995; Thomas et al., 2002) but, in future, 
together with other forms of absolute dating, promises to yield appreciable information relevant to palaeo-
geographic studies. 
1.1. The distribution of radiocarbon-dated studies 
Radiocarbon-dated studies are unevenly distributed across the Eastern Cape and adjacent areas, largely reflecting 
the research interests of the small number of scientists who have worked there. Vast areas, especially west of the 
Winterberg, in the interior of Transkei and in the uplands north west of Queenstown, remain unstudied (Fig. 2). 
 
Fig. 2. The distribution and nature of radiocarbon dated sites, considered relevant to the present study, in the 
Eastern and adjoining Western Cape, South Africa. 
1.2. The distribution of radiocarbon dates through time 
Radiocarbon dates considered relevant to this study have been calibrated using the Southern Hemisphere 
Atmospheric Calibration Curve of the Pretoria program (Talma and Vogel, 1993). The calibrated dates are listed 
on Table 1. The most probable calibrated dates are given in the rest of this paper, except where stated otherwise. 
 
Table 1.  
Calibrated radiocarbon dates considered relevant to the dating of palaeoclimates, and of human responses to the 
environments resulting from those climates, in the Eastern Cape and adjoining areas during the last ~ 40 000 yr. 
Note that only the relevant dates, and not all dates, are listed. Some thermoluminescence dates are also listed. 
References are given under the “Site” column. Date BP means date in years BP  
Site Date BP Error +/− Analysis number Calibrated date BP 
Aliwal North     
 4320 110 I-2108 4846 
 9650 150 GrN-4012 10,927 
 11,250 180 I-2110 13,231 
 11,650 170 I-2109 13,757 
 12,200 180 I-2107 14,481 
 12,600 110 GrN-4011 15,007 
    Coetzee (1967)
Badsfontein     
 4450 60 Pta-4168 4975 
    Scott and Cooremans (1990)
Birnam     
 2200 70 Pta-5497 2142♥ 
 3620 60 Pta-5485 3873♥ 
 24,300 370 Pta-5088 26,246♣ 
 27,700 1000 Pta-5246 29,127♠ 
 32,500 1700 Pta-5091 38,132♣ 
 35,000 1500 Pta-5263 41,464♠ 
♣Hanvey and Lewis (1990), ♥Lewis (1999), ♠Lewis and Hanvey (1993)
Bonawe     
 2250 80 Pta-1711 2303/2249/2169 
Site Date BP Error +/− Analysis number Calibrated date BP 
 2830 60 Pta-3497 2873 
 2960 60 Pta-3499 3065 
 8040 100 Pta-1709 8989 
    Opperman (1987)
Boomplaas     
 6400 75 UW-306 7275♣ 
 9100 135 UW-410 10,359/10,338, 10,272 (10,218), 
10,152♥ 
 10,425 125 UW-411 12,145♥ 
 12,425 130 UW-412 14,777♥ 
 14,200 240 UW-301 16,965♣ 
 17,830 180 Pta-3283 19,780♠ 
 21,200 420 UW-300 24,056♣ 
 32,400 700 UW-304 38,027♥ 
 ♣ Deacon and Brooker (1976), ♥ Avery (1982), ♠ Deacon (1995)
Bottelnek     
 21,000 400 Pta-5654 23,982 
   Lewis and Hanvey (1993), Lewis (2005)
Buffelsfontein (Thermoluminescence dates in ka) 
 18.2 4.5 Shfd97033♣  
 20.5 1.0 W1487♥  
 23.9 1.6 Shfd97041♣  
  ♣ Thomas et al. (2002), ♥ Marker and Holmes (1993)
Buttermead     
 34,100 1200 Pta-6739 40,039 
    Lewis (1999)
Chalumna     
 510 45 Pta-932 517 
    Derricourt (1977)
Site Date BP Error +/− Analysis number Calibrated date BP 
Colwinton     
 70 40 Pta-2547 50 
 920 50 Pta-2608 775 
 1890 45 Pta-2549 1809 
 6270 40 Pta-2550 7183 
    Opperman (1987)
Compassberg     
 3590 70 Pta-4342 3844 
    Meadows and Sugden, 1988
Dunedin     
 7880 200 Wits-1434 8607 
 12,500 160 Pta-4207 14,876 
    Meadows and Meadows (1988)
Dynevor Park     
 31,600 950 Pta-5657 37,193 
Lewis and Hanvey (1993), (Lewis, 1999), (Lewis, 2002) and (Lewis, 2005) (but calibration stated incorrectly as BP in 
the 2005 paper, whereas that shown was BC) 
Edgehill     
 1830 60 Pta-3564 1712 
 4320 60 Pta-3574 4846 
 5430 70 Pta-3571 6194 
 5500 70 Pta-3581 6283 
    Hall (1990)
Ellerslie     
 4200 60 Pta-4335 4811/4757/4703/4670/4652 
    Meadows and Meadows (1988)
Fairview     
 2450 55 Pta-2587 2366 
 3320 55 Pta-2597 3478 
Site Date BP Error +/− Analysis number Calibrated date BP 
 3670 60 Pta-2593 3924 
    Robertshaw (1984)
Groenvlei     
 1905 60 Y-467  
 6870 160 Y-466  
   Martin (1959), Miller 
(1990)
 
Grassridge     
 6090 80 Pta-2970 6889 
 6280 70 Pta-2713 7193 
 6300 60 Pta-2952 7219 
 6850 100 Pta-2949 7656 
 6890 80 Pta-2719 7676 
 36,380 870 Pta-2714 42,913 
    Opperman (1987)
Highlands     
 3570 50 Pta-563 3833 
 4500 60 Pta-536 5049 
 30,840 480 Pta-537 36,370 
 38,900 1200 Pta-564 44,478 
    Deacon (1976)
Howison's Poort     
 4390 90 Pta-7415 4870♥ 
 5020 100 Pta-7413 5715♥ 
 5240 70 Pta-7403 5934♥ 
 5510 70 Pta-7361 6286♥ 
 6210 70 Pta-7351 7020♥ 
 6890 80 Pta-7042 7676♥ 
 9070 100 Pta-7359 10,206♥ 
Site Date BP Error +/− Analysis number Calibrated date BP 
 9380 210 GaK-1539 10,552♣ 
 9570 90 Pta-7409 10,747♥ 
 9700 90 Pta-883 11,135♣ 
 11,120 160 Pta-1748 13,060♣ 
 18,740 320 I-1844 22,139♣ 
 19,070 190 Pta-878 22,430♣ 
 19,600 220 Pta-538 22,886♣ 
   ♥ Lewis and Illgner (1998), ♣ (Deacon, 1995)  
Klasies River Mouth    
 2285 105 GX-1397 2318 
 2525 85 GX-0969 2708/2591/2503 
 2795 85 GX0971 2851 
 4100 160 GX-1378 4530 
 4755 95 GX0970 5466 
 4695 180 GX0973 5444/5409/5325 
 11,685 450 GX-1374 13,803 
 18,400 650 GX-1393 21,796 
 26,300 4300/2800 GX-1386 25,772 
 26,800 1400 GX0970 28,174 
 27,400 3300/2300 GX-1373 28,775 
 28,100 1500 GX-1390 29,704 
 29,400 1600 GX-1391 34,270 
 30,300 1400/1600 GX-1395 35,723 
 30,450 950 GX0975 35,911 
 Eighteen other dates, all > 25,000. Singer and Wymer (1982)
Kommandokloof     
 6430 70 Pta-4612 7303 
    Binneman (1999)
Kulubele     
Site Date BP Error +/− Analysis number Calibrated date BP 
 1230 40 Pta-8087 1081 
 1250 40 Pta-5865 1157 
 1270 50 Pta-6982 1170 
 1340 50 Pta-8088 1259 
    Binneman (1996)
Langkloof and Sterkspruit valley floor infills 
Athol 290 50 Pta-8419 298 
Dinorben 1000 50 Pta-5483 917 
Athol 1180 50 Pta-8396 1055 
 2400 90 Pta-8425 2351 
Kilchurn Upr 2440 60 Pta-5211 2362 
Kilchurn Lr. 2470 45 Pta-5089 2412 
Glenmore 10 3000 60 Pta-8508 3141 
Kopshoring 3050 70 Pta-8988 3219 
Glenmore 8 4350 70 Pta-8501 4855 
Glenmore 6 4590 70 Pta-8386 5298 
Glenmore 4 5050 60 Pta-8385 5735 
Glenmore 2 6140 80 Pta-8383 6959 
Tantallon II 6690 60 Pta-8407 7559 
Tantallon I 7240 70 Pta-8402 7989 
Dinorben upr 7320 70 Pta-8859 8047 
Dinorben II 7660 210 Pta-8712 8401 
Dinorben I 8840 130 Pta-8708 9883 
    Lewis (2005)
Loerie     
 4010 70 UW-169 4424 
    Butzer and Helgren (1972)
Lujojozi     
 1240 70 Beta-11113 1139/1103/1099 
Site Date BP Error +/− Analysis number Calibrated date BP 
 1480 100 Beta-11114 1319 
    Feely (1987)
Melkhoutboom     
 250 70 GaK-1537 286 
 2870 90 Pta-706 2937 
 5900 90 Pta-680 6669 
 7300 80 UW-234 8033 
 7660 80 Pta-666 8401 
 10,500 190 GaK-1538 12,244 
 15,400 120 UW-223 18,345 
    Deacon (1976)
Middeldrift     
 5050 70 Pta-1031 5735 
    Derricourt (1977)
Mpame 540 55 Pta-2017 526 
 1230 40 Pta-2045 1081 
 1310 60 Pta-2019 1234/1206/1191 
    Cronin (1982)
Mqanduli     
 1330 50 Pta-4917 1253 
 1340 60 Pta-4900 1259 
    Vogel and Fuls (1999)
Nelson Bay Cave 
 6020 160 UW-176 6783♣ 
 8120 240 UW-181 9013♣ 
 8570 170 UW-184 9525♣ 
 8990 80 Pta-391 10,167♣ 
 10,150 90 Pta-392 11,669♠ 
 10,285 85 UW-164 11,961♣ 
Site Date BP Error +/− Analysis number Calibrated date BP 
 10,540 110 UW-178 12,296♣ 
 11,540 110 UW-162 13,612♣ 
 11,950 150 UW-177 14,152♣ 
 16,700 240 I-6516 19,840♦ 
 18,100 550 UW-175 21,451♣ 
 18,660 110 GrN-5884 22.068♥ 
 24,100 660 UW-223 26,111♦ 
 ♥ Vogel (1970), ♣ Klein (1971), ♠ Butzer (1973), ♦ Fairhall and Young (1973)
Nkanya     
 1200 60 Beta-11554 1064 
    Feely (1987)
Ntsitsana     
 1180 50 Pta-4687/4695 1055 
 1290 50 Pta-4684 1179 
    Prins (1993)
Oakleigh     
 360 50 Pta-801 425/390/320 
 1040 50 Pta-935 931 
 1760 50 Pta-673 1611 
 2090 55 Pta-671 1901 
    Derricourt (1977)
Ravenscraig     
 460 45 Pta-3192 499 
 3040 50 Pta-3450 3210 
 10,000 80 Pta-3194 11,295 
 10,200 100 Pta-3451 11,856 
    Opperman (1987)
Salisbury     
 11,800 120 Pta-4318 13,954 
Site Date BP Error +/− Analysis number Calibrated date BP 
    Meadows and Meadows (1988)
Strathalan     
 20,900 350 Pta-4944 23,908♥ 
 22,500 230 Pta-4858 25,031♥ 
 22,800 530 Pta-5059 25,232♥ 
 23,100 530 Pta-4874 25,434♥ 
 23,200 300 Pta-4869 25,502♥ 
 24,200 640 Pta-4931 26,178♥ 
 25,700 400 Pta-4644 27,256♣ 
 26,900 450 Pta-4858 28,265♣ 
 29,250 260 Pta-5569 33,907♣ 
  ♣ Opperman (1996), ♥ Opperman and Heydenrych (1990)
Te Vrede     
 8100 80 Pta-3204 9008 
 10,100 120 Pta-3203 11,566 
    Opperman (1987)
The Havens     
 6190 80 Pta-3917 7008 
 6610 80 Pta-3913 7451 
 9790 90 Pta-4620 11,181 
    Binneman (1997)
Tiffindell     
 460 30 Pta-7029 499 
 1070 40 Pta-7022 943 
 2000 35 Pta-7032 1897 
 2730 45 Pta-7034 2776 
 2790 
(2830) 
20 (25) Pta-8174 2873 
 4720 70 Pta-7041 5454/5385/5332 
Site Date BP Error +/− Analysis number Calibrated date BP 
 3700 60 Pta-7045 (0.6% Carbon) 3977 
    Rosen, Lewis and Illgner (1999)
Uniondale     
 2125 55 Pta-1804 2044 
 2130 60 Pta-1803 2051 
 3700 160 Pta-4326 3977 
 4520 60 Pta-4322 5226/5190/5058 
 6300 200 Pta-4334 7219 
    Brooker (1989)
Vankervelsvlei     
 3170 60 Pta-6583 3360 
 7130 40 Pta-6585 7936 
 7240 60 Pta-7258 7989 
 19,300 210 Pta-7130 22,629 
 19,500 220 Pta-6584 22,802 
 31,600 1200 Pta-7124 37,193 
 38,400 1100 Pta-7259 44,212 
 39,900 1000 Pta-6361 45,030 
    Irving and Meadows (1997)
Welgeluk     
 510 50 Pta-3934 517 
 1360 50 Pta-3960 1270 
 1980 50 Pta-3984 1889 
 2510 60 Pta-3948 2701/2645/2491 
 3300 60 Pta-3936 3469 
 4560 70 Pta-3948 5286 
    Hall (1990)
Wilton     
 2270 100 GaK-1540 2311/2230/2192 
Site Date BP Error +/− Analysis number Calibrated date BP 
 4860 115 I-2565 5590 
 8260 720 GaK-1541 9227 
    Deacon (1972)
Notes: The date under Tiffindell marked is shown differently in the published paper from that in the laboratory 
records. The date in brackets and the error in brackets are the date and error according to the laboratory records. 
The calibrated date is based on the laboratory records. The final date listed for Tiffindell is thought to be 
unreliable due to the small percentage of Carbon in the sample analysed and is not considered further in this 
paper. 
 
 
The distribution of radiocarbon dates through time is uneven, as indicated on Fig. 3, which plots calibrated dates 
to the nearest 500 yr BP. Concentrations of dates occur between 29 ka and 21.5 ka, and more recently than 15 ka. 
The vast majority of dates (146) are Late Glacial and Holocene in age and are younger than 15 ka. Many reflect 
archaeological interest in the Later Stone Age (LSA). “Infinite” dates are neither listed on Table 1 nor plotted on 
Fig. 3. No dates fall into the time period immediately after 30 ka, although that may be due to the limited analyses 
of deposits. All dates between ~ 15 ka and ~ 24 ka come from coastal areas and the Cape Fold Belt, possibly 
because it was too cold for organic accumulation at that time in areas further inland. 
 
 
 
Fig. 3. The temporal distribution of calibrated radiocarbon dates, considered relevant to the present study, in the 
Eastern and adjoining Western Cape, South Africa. 
 
2. Climates and human responses 
The earliest climatic conditions recognised and radiocarbon dated in the Eastern Cape occurred between an 
unknown time before 42 913 BP and somewhat more recently than 25 000 BP. They are evidenced in the 
Drakensberg by deposits at Birnam, Dynevor Park and Strathalan (Table 1), all of which are located between the 
Maclear area and Barkly East. These conditions, which appear to have been relatively mild, are named after the 
type-site at Birnam and are called the Birnam Interstadial (Lewis, 1996). 
2.1. The Birnam Interstadial 
2.1.1. Birnam 
Between an unknown time before 41 464 BP and between then and ~ 29 127 BP, silty mud containing at least 
eight organic-rich layers accumulated at an altitude of ~ 1850 m at Birnam, on the floor of the Bokspruit valley. 
Three layers have been dated (Hanvey and Lewis, 1990; Lewis and Hanvey, 1993). These deposits indicate that a 
lake was impounded at this site during that time. Organic sediments in a remobilized layer that apparently 
intruded into the lacustrine deposits, date to 26 246 BP and are overlain by angular rock fragments derived from 
the valley side. These latter sediments are thought to be head, of periglacial origin, and to evidence the existence 
of cold climatic conditions more recently than that date. The evidence from Birnam therefore suggests that 
relatively mild and moist conditions existed in the area between ~ 41 464 and 26 246 BP but were succeeded by 
colder climatic conditions. 
2.1.2. Dynevor Park 
The fragmentary remains of insects, dating to 37 193 BP, were discovered at an altitude of ~ 1980 m at Dynevor 
Park, near Barkly East (Lewis and Hanvey, 1993). They underlie slope deposits, (head), believed to be of 
periglacial origin (Lewis and Dardis, 1985). The head deposits cut into (and are therefore younger than) fluvially 
deposited gravels exposed ~ 100 m further along the section, but the relationship of the insect remains to the 
gravels is unclear. 
2.1.3. Strathalan 
Archaeological investigations at Strathalan, a cave in a vertical rock face at an altitude of ~ 1340 m some 10 km 
north east of Maclear, showed that foragers of Middle Stone Age (MSA) culture lived there between ~ 33 907 and 
23 908 BP. The site does not appear to have been permanently occupied (Opperman and Heydenrych, 1990; 
Opperman, 1996). 
Palynological work by Hill (reported in Opperman and Heydenrych, 1990), indicates that at ~ 25 500 BP 
grassland was prominent in the vegetation community near Strathalan. After ~ 24 000 BP, the vegetation of the 
surrounding area changed to resemble that of the present day alpine belt of the Drakensberg. This occurs some 
1200 m or more, altitudinally, above Strathalan, (Low and Rebelo, 1996). Opperman and Heydenrych (1990) 
concluded, from Hill's work, that climatic conditions were relatively cool and moist in the vicinity of Strathalan 
between ~ 26 000 and 24 000 BP, but then became colder and drier, with ‘no record of occupation at this 
locality.’ 
The isotopic ratios at Strathalan for grass from bedding patches and for charcoal from a hearth, all of which date 
to between 26 178 BP and 23 908 BP, are diagnostic of C3 vegetation (Opperman and Heydenrych, 1990; Vogel 
et al., 1978), thus indicating cooler conditions at Strathalan between ~ 26 000 and 24 000 BP than at present, 
possibly with predominantly winter precipitation. The isotopic ratios for the plant material that dated the older 
occupation floors at Strathalan (33 907 BP and 28 265–27 256 BP) have not been reported (Opperman, 1996). 
MSA foragers left plant and animal remains on the older living floors at Strathalan, indicating that their meat was 
derived mainly from predominantly grassland animals partial to young grass: blesbuck (Damaliscus dorcas) and 
wildebeest (Connochaetes gnou); from eland (Taurotragus oryx), that are browsers and grazers that are also 
partial to young grass (Skinner and Smithers, 1990); from various unidentified Bovidae, and from rock hyrax 
(Procavia capensis). Plant foods included corms of Watsonia spp. Most corms were discovered on a living floor 
dating to 33 907 BP, with very few discovered on the next sequential living floor, which dates to 28 265 BP. 
Faunal remains were also fewer on the more recent living floor. Very few faunal or floral remains were found on 
the living floors dating to between 26 178 and 23 908 BP (Opperman and Heydenrych, 1990). 
The faunal and floral remains from Strathalan (including the pollen examined by Hill), and the isotopic evidence, 
suggest that, from at least 33 907 BP until somewhat after 23 908 BP, the climate was interstadial rather than 
glacial (stadial) in character. This supports the sedimentary and entomological evidence from Birnam and 
Dynevor Park and justifies designating that time period as the Birnam Interstadial. 
2.1.4. Human occupation, climatic and environmental conditions in the Birnam Interstadial beyond the 
Drakensberg in the Eastern and adjoining Western Cape 
Evidence of MSA occupation at lower altitudes than that in the Drakensberg exists at: Grassridge, Highlands, 
Howison's Poort and Klasies River Mouth, in the Eastern Cape, and from Nelson Bay Cave and Boomplaas in the 
adjacent Western Cape. 
 
2.1.4.1. Grassridge 
Grassridge is located at an altitude of ~ 1500 m, some 25 km south west of Dordrecht. Apart from reporting the 
presence of MSA artefacts at that site, and listing a single radiocarbon date (42 913 BP) for occupation of the site 
by MSA foragers, no further information was presented that relates to the Birnam Interstadial (Opperman, 1987). 
2.1.4.2. Highlands 
Highlands is a rock shelter located at an altitude of ~ 1280 m near Cradock. Excavation of the sediments on the 
floor of the shelter showed that they are ‘divided into an upper and a lower member with a disconformity marking 
the interface' (Deacon, 1976). The lower member, which contains MSA artefacts, dates to 44 478 BP near its base 
against bedrock and to 36 370 BP just below the stratigraphic disconformity. The upper member contains LSA 
artefacts and dates to the later Holocene. The disconformity therefore marks a lengthy time period, of perhaps as 
many as 31 000 yr, during at least part of which the shelter was not occupied. 
2.1.4.3. Howison's Poort 
Howison's Poort, a valley cut in a ridge of the Cape Fold Belt near Grahamstown, harbours a small rock shelter 
‘halfway up a cliff' (Deacon, 1995) at an altitude of ~ 600 m. (Stapleton and Hewitt, 1927) and (Stapleton and 
Hewitt, 1928) reported that the shelter contained distinctive stone tools. These they named after the site as the 
Howieson's Poort industry. Since the Poort was named after Captain Howison (Skead, 1993) the correct spelling 
of his name will be used in this paper, so as not to perpetuate the spelling mistake of Stapleton and Hewitt, 
regardless of previous archaeological usage. 
When Deacon re-excavated the site, she discovered artefacts that she considered to be of the Howison's Poort 
industry/ culture in sediments that dated between 22 886 BP and 10 552 BP. She considered that the radiocarbon 
dates ‘are not a true reflection of the age of the artefacts’, which, by comparison with other sites in Africa where 
such artefacts occur and have been dated, she thought must be much older. Subsequent geomorphological 
investigation in the Howison's Poort valley (Lewis and Illgner, 1998) provides no reasons to doubt the 
radiocarbon dates. The dates imply that foragers occupied Howison's Poort, as discussed in Section 2.3.3.3, 
during the Birnam Interstadial and/or early part of the Bottelnek Stadial, and during the Late Glacial and Early 
Holocene. 
2.1.4.4. Klasies River Mouth 
Klasies River Mouth (KRM), excavated by Singer and Wymer (1982), and subsequently by H. J. Deacon and 
others, is located beside the Indian Ocean west of Port Elizabeth. This site presents evidence for occasional MSA 
occupation from before 35 911 BP until at least 21 796 BP (Singer and Wymer, 1982). One date, of 13 803 BP, 
suggests that MSA occupation continued until at least then, but is unreliable since it was derived from a sample 
that lay stratigraphically below deposits dated to 28 775 BP. 
MSA foragers introduced faunal remains, especially of eland (T. oryx), the now extinct giant buffalo (Pelorovis 
antiquus) and grysbok (Raphicerus melanotis), to the site (Klein, 1976). Eland and grysbok are browsers and 
occur on the fringes of forests or in thick scrub bush (Skinner and Smithers, 1990). The giant buffalo is extinct, 
but Syncerus caffer (the African buffalo), the remains of which are also present, found suitable habitat in 
historical times in thick coastal bush in the southern Cape. The KRM area was therefore probably vegetated with 
thick scrubby bush between ~ 35 911 BP and 21 796 BP, rather than by the higher rainfall requiring Afro-
montane Forest (Low and Rebelo, 1996) that is the natural climax vegetation of the area at present. This suggests 
that less rainfall was experienced between ~ 35 911 BP and 21 796 BP than at present. 
Foragers also introduced marine foods to KRM, especially shellfish (Voigt, 1982), but also fish, seals and 
penguins (Deacon, 1995). This suggests that sea levels were not markedly below those of the present, as would 
have been the case during cold, stadial, conditions, when the coastline may have been too distant for foragers to 
bring seafood back to KRM without prohibitive effort, although its steep nature meant that even low glacial sea 
levels were unlikely to cause the shoreline to move more than ~ 10 km from the site (Deacon, 1995). 
Micromammalian remains from archaeological excavations at KRM were examined by (Avery, 1986) and 
(Avery, 1987) and by Thackery and Avery (1990). Their studies showed that climatic and environmental changes 
occurred through time, although they focussed mainly on time periods previous to those considered in the present 
paper. 
The evidence from KRM indicates that the climate in the region adjacent to that site, at least from 35 911 BP until 
~ 21 796 BP, was cooler and drier than at present, but not unduly harsh. Foragers occupied KRM occasionally 
during this, the Birnam Interstadial. 
There is no firmly dated evidence of occupation of KRM from 21 796 BP until 5466 BP, when people of LSA 
culture used the site (Singer and Wymer, 1982). This might indicate that harsher climatic conditions succeeded 
those prior to ~ 21 796 BP, which were not conducive to forager occupation of the area until they ameliorated. 
2.1.4.5. Nelson Bay Cave 
Nelson Bay Cave (NBC) is located on the Robberg Peninsula on the western side of Plettenberg Bay in the 
Province of the Western Cape. Excavations into unconsolidated sediments on the floor of the cave (Inskeep, 
1965; Klein, 1971; Butzer, 1973 and Inskeep, 1987) proved that an erosional disconformity separates upper 
sediments from lower sediments. The lower sediments contain MSA artefacts. A cemented ferruginous crust 
immediately underlies the erosional disconformity (Klein, 1971). Angular debris in the ferruginous crust is 
thought to originate from roof spalls, possibly caused by frost weathering. 
An archaeologically sterile horizon ~ 15 cm thick overlies the disconformity, but is succeeded upwards by 
deposits that contain LSA artefacts. These artefact-rich sediments are younger than ~ 22 068 BP, which is the age 
of shell fragments from the lowest LSA horizon. Charcoal from a hearth in that horizon has been dated to 
21 451 BP. The disconformity must therefore predate ~ 22 000 BP and may reflect changing climatic and 
environmental conditions as the Birnam Interstadial was succeeded by harsher conditions. MSA artefacts occur in 
deposits beneath the disconformity (Butzer, 1973) and have been dated as far back as 26 111 BP (Fairhall and 
Young, 1973). They indicate that NBC was occupied, at least occasionally, during the Birnam Interstadial. Klein 
(1972) examined mammalian remains younger than ~ 22 000 BP from NBC. Sealy (1996) also confined her 
attention to faunal remains that did not exceed 21 451 BP, presumably because analysable bone was not found in 
older horizons in the cave (Fairhall and Young, 1973). There is therefore no mammalian evidence from NBC that 
falls within the time-range of the Birnam Interstadial. 
2.1.4.6. Boomplaas 
Excavation into the floor of a cave at Boomplaas has shown evidence of human occupation throughout the period 
that can be dated by radiocarbon techniques (Deacon et al., 1984). This site is located about 30 km north of 
Oudtshoorn in the Western Cape, ~ 4 km from the Cango Caves, at an altitude of ~ 800 m. Artefacts within the 
sediments on the floor of the cave divide into those of LSA character in the upper deposits and those of 
macrolithic, MSA character, below a stratigraphic disconformity that dates between 24 056 BP and 16 965 BP. 
The older date is associated with a MSA hearth. Deacon and Brooker (1976) suggest that there may have been ‘a 
depositional break of some 2000 to 3000 yr’ associated with this stratigraphic discontinuity. 
Avery (1982), from a study of micromammalian remains (which she used as palaeo-environmental indicators), 
showed that after 38 027 BP and somewhat before 24 056 BP, there was ‘fairly extensive dense vegetation on 
[the] valley floor’ with a ‘grassy’ element on hillsides, and possibly some semi-arid vegetation, in the Boomplaas 
region. She considered that this vegetation existed during ‘an interstadial in the Last Glacial when conditions 
were approximately intermediate between full glacial and interglacial’. The remains of Forest shrew (Myoserex 
varius), which needs moist habitats, compared with those of Saunders vlei-rat (Otomys saundersae) which prefers 
drier conditions, were particularly abundant in the time period between ~ 38 027 BP and ~ 24 000 BP, indicating 
that conditions at Boomplaas were relatively moist during this interstadial (Deacon et al., 1984). 
The remains of the hartebeest tribe (Alcelaphini), grey rhebuck (Pelea capreolus), and the grysbok species 
(Raphicerus spp.) dominate large mammal remains dating to before 24 056 BP at Boomplaas (Klein, 1978), 
during what radiocarbon dates indicate was the Birnam Interstadial. They evidence a ‘significant browse 
component in the vegetation’ (Deacon et al., 1984) which ‘was broadly comparable to the historic one’ at that 
time (Klein, 1978). 
By 24 056 BP micromammalian evidence indicates that the vegetation was ‘generally fairly open, ?semi-arid on 
valley floor; [with] reduced dense reeds or grass along river’ (Avery, 1982). Avery interpreted this as evidence of 
harsh cold conditions succeeding those of the previous interstadial, while the abundant remains of Equidae 
indicate that drier conditions, with grasslands, had replaced the lusher interstadial vegetation by that date (Deacon 
et al., 1984). 
The palaeoenvironmental evidence from Boomplaas indicates that interstadial conditions existed there from at 
least 38 027 BP until ~ 24 000 BP. MSA foragers occupied Boomplaas, at least sporadically, during this period, 
‘suggesting a relatively productive habitat’ (Deacon et al., 1984, p 347). 
2.1.4.7. Vankervelsvlei 
A core obtained from sediments in an interdune depression between Sedgefield and Knysna, in the Western Cape, 
evidences rapid increase in organic matter content in the years leading up to 22 802 BP, but then a rapid decrease 
until organic content increased much more markedly in the Holocene (Irving and Meadows, 1997). The rise in 
organic content prior to 22 802 BP reflects appreciable forest cover between ~ 40 000 BP and ~ 35 000 BP, 
succeeded by less humid-loving vegetation prior to 22 802 BP (Irving, 1998). This suggests the former existence 
of relatively mild and moist interstadial conditions, rather than those of a harsh (glacial) stadial, prior to 
22 802 BP. The human response to those interstadial conditions has not been detected at Vankervelsvlei. 
2.1.5. Summary: the Birnam Interstadial 
During the Birnam Interstadial, which extended from before 42 913 BP until ~ 24 000 BP, conditions were 
relatively mild and moist throughout the Eastern and adjoining Western Cape. Precipitation was sufficient for a 
lake to form in at least one valley in the Drakensberg. There was appreciable runoff in rivers, at least in the 
Drakensberg, as at Buttermead near Rhodes, where palaeosols developed in overbank flood sediments, one of 
which dates to 40 039 BP (Lewis, 1999). People of MSA culture inhabited at least the Strathalan area of the 
Drakensberg. They relied for food on predominantly grazing animals, and on plants that included Watsonia. MSA 
people also inhabited lower altitude areas, as near Cradock and Grahamstown, and coastal areas that included 
KRM and NBC. They also existed in the Little Karoo, as at Boomplaas. Thick scrubby bush probably occupied 
coastal areas near KRM, while near Boomplaas there was fairly dense vegetation on the valley floor with grassy 
hillsides. The widespread distribution of MSA foragers suggests that, for much of the study region, the habitat 
was relatively productive. The presently available evidence is limited spatially and otherwise, and it is not yet 
possible to state precise temperature or rainfall, or other climatic statistics, for any part of the region. 
2.2. The Bottelnek Stadial 
2.2.1. Geomorphological and groundwater evidence 
There is geomorphological evidence for the existence of cold and semi-arid to arid climatic conditions, at least in 
the Drakensberg, by or soon after ~ 24 000 BP, during what Lewis (1996) has named the Bottlenek Stadial. This 
evidence includes rock glacier remains, glacial moraines, protalus ramparts and aeolian deposits. Head deposits 
provide evidence of possibly less severe climatic conditions. There is groundwater isotopic evidence for colder 
temperatures than those of the present between ~ 28 000 and 15 000 (uncalibrated dates) BP at lower altitudes 
near the coast of Algoa Bay (Heaton et al., 1986). 
2.2.1.1. Rock glacier evidence 
Rock glacier deposits occur in the Bottelnek valley, near Barkly East, above an altitude of ~ 1900 m. Organic 
sediments incorporated in the lower layers of one of these deposits date to 23 982 BP, indicating that the rock 
glacier was active then or subsequently (Lewis and Hanvey, 1993). 
Rock glaciers ‘are permafrost phenomenon of cold, dry mountain regions’, and occur where Mean Annual Air 
Temperatures (MAAT) are − 2 °C or less (Haeberli, 1985). They are most common where MAAT are below 
− 6 °C and the climate is dry to moderately humid, with cool summers (Humlum, 1998). 
When rock glaciers were active in Bottelnek, MAAT were unlikely to have been above − 2 °C and, when the 
Equilibrium Line Altitude (ELA) on the former glacier at Mount Enterprise, in the nearby Drakensberg (Lewis 
and Illgner, 2001), is taken into consideration, may well have been as little as − 8°C or even lower on the shaded 
slopes where rock glaciers existed (Lewis, 2008a). Mean Annual Precipitation (MAP), or possibly precipitation 
and snow-blow accumulation (Humlum and Christiansen, 1998; Lewis, 2008a), was probably not more than the 
water equivalent of 500 mm per annum when the rock glaciers were active. 
During the Bottelnek Stadial at or subsequent to 23 982 BP, when rock glaciers were active in the Drakensberg, 
MAAT may have been ~ 17 to 19 °C below those of the present at altitudes of ~ 1900 m on shaded south facing 
slopes, and precipitation at the same locations (expressed as millimetres of water equivalent), was probably 
~ 200 mm less than that of the present. Much of this ‘precipitation’ may have been snow-blow (Lewis and Illgner, 
2001) so that the actual precipitation in millimetres of water equivalent may have been even less. If snow-blow 
did not occur, MAP when rock glaciers were active would have been about 70% of that of the present (Lewis, 
2008a). 
2.2.1.2. Glacial morainic and periglacial protalus rampart evidence 
Further evidence of former harsh climatic conditions in the Drakensberg is provided by a well-developed cirque 
moraine at Killmore, at altitudes between 2040 m and 2000 m, on a bench on the western side of a tributary valley 
of the Bokspruit near Birnam, in the Barkly East district (Lewis, 1994; Lewis, 1999; Lewis, 2008b). Cliffs rise 
above the bench to altitudes around 2200 m and provide a well-developed backwall, below which the glacier 
responsible for the moraine was located. On the northern end of the bench, protalus ramparts replace the moraine 
where the backwall is less developed than it is further south. Protalus ramparts evidence the former existence of 
snow beds. 
Glacial moraines also occur at Mount Enterprise, under the main Drakensberg escarpment at altitudes between 
2000 m and 2060 m (Lewis and Illgner, 2001). The ELA for the glacier when it deposited the morainic ridge 
nearest to the backwall was ~ 2100 m. Protalus ramparts also occur at Mount Enterprise, but beyond the glacial 
limits. 
Although neither the Killmore nor Mount Enterprise features have been radiocarbon dated, the pronounced nature 
of the landforms, with their steep morainic and protalus rampart slopes, indicates that they are of little antiquity 
and that they are Late Quaternary and possibly LGM or Late Glacial in age. They probably formed during the 
Bottelnek Stadial. 
2.2.1.3. Head deposits 
These consist of broken angular rock fragments, often with a finer matrix, that have moved downslope under the 
influence of gravity sliding, slope wash and gelifluction (Lewis, 2008a). Gelifluction is the movement of debris 
downslope over seasonally or perennially frozen ground (Lewkowicz, 1988) and is a periglacial phenomenon. 
Gelifluction occurs at present, in the Drakensberg of the Eastern Cape, at altitudes above 2765 m, where MAAT 
are up to 6 °C (Kück and Lewis, 2002; Lewis, 2008a). 
Head deposits are widespread above ~ 1800 m in the Drakensberg, as at Buttermead (at 1800 m) near Rhodes; 
Birnam (at 1850 m) in the Bokspruit valley; and at Dynevor Park (at 1980 m) in the Langkloof near Barkly East. 
The Buttermead deposits are younger than 40 039 BP (Lewis, 1999), which is the age of a palaeosol in what 
appear to be fluvially deposited overbank sediments of fine sand and silt that underlie the head. At Birnam the 
head deposits are younger than 26 246 BP (Hanvey and Lewis, 1990). At Dynevor Park the head is younger than 
37 193 BP (Lewis and Hanvey, 1993; Lewis, 1999; Lewis, 2002; Lewis, 2005). The evidence thus suggests that 
head formed more recently than 26 246 BP, although no minimal age for head deposits has been established in the 
Drakensberg. 
The present MAAT at Barkly East in the Drakensberg, at an altitude of 1814 m, is 12.2 °C (WB 40, 1984), which 
is ~ 6 °C above the highest MAAT at which gelifluction (necessary for head formation) occurs in the Eastern 
Cape Drakensberg at present (Kück and Lewis, 2002; Kück, 1996). The widespread head deposits at and above 
1800 m in the Drakensberg therefore testify to former climatic conditions in which MAAT were at least 6 °C 
lower than at present. These conditions may have occurred subsequent to the harsher conditions in which rock 
glaciers (and possibly glaciers) were active in the region. 
2.2.1.4. Aeolian evidence 
Sand, deposited during ‘an arid phase with strong aeolian activity’ (Marker and Holmes, 1993), occurs in the 
Buffelsfontein basin, north of Queenstown in the Stormberg (which is a lower south-western continuation of the 
Drakensberg), at altitudes around 1800 m. Two uncalibrated thermoluminescence (TL) dates from sands exposed 
near the base of a quarry cut into ‘stabilised climbing dunes’ (Thomas et al., 2002) forming a terrace of sand 
banked against a hillslope south–south–west of Buffelsfontein farm, indicate that the sands were deposited around 
23 900 +/− 1600 BP (Shfd 97041; Thomas et al., 2002) to 20 500 +/− 1000 BP (W1487; Marker and Holmes, 
1993). Lunette dunes also occur at Buffelsfontein (Marker and Holmes, 1995), the outermost of which was TL 
dated (uncalibrated) to 18.2 +/− 4.5 ka (Shfd97033; Thomas et al., 2002). 
Although dunes may reflect windy rather than dry conditions (Chase and Meadows, 2007), the presence of 
aeolian deposits at Buffelsfontein probably indicates that essentially arid and windy conditions existed in the 
Stormberg, north of Queenstown, between at least ~ 24 000 and 18 000 BP (uncalibrated TL ages), during the 
Bottelnek Stadial. This supports the rock glacier and glacier evidence from the Drakensberg: that the climate was 
arid to semi-arid with winds strong enough to cause snow-blow (Lewis, 2008a; Lewis, 2008b; Lewis and Illgner, 
2001) at and subsequent to ~ 24 000 BP. 
2.2.1.5. Groundwater evidence 
Isotopic examination of groundwater in the Uitenhage–Coega area, near Port Elizabeth in the lowlands of the 
Eastern Cape (Heaton et al., 1986), indicates that ‘earth temperatures at the base of the unsaturated zone north of 
Uitenhage increased by an average of 51/2 °C from the last glacial maximum to Holocene times’ (Heaton et al., 
1986). Stute and Talma (1998) averaged temperatures derived from examination of the same groundwater, but 
from samples from the periods 28 000–15 000 to 13 000–0 14C years BP, to indicate temperatures at the LGM and 
at the present. The difference between these periods also indicates a rise of 5.5 °C. Both studies imply that MAAT 
have increased by the same amount. The disparity between this figure and the apparent temperature reduction at 
~ 1900 m when rock glaciers were active at and subsequent to 23 982 BP (~ 5.5 °C as opposed to ~ 17–19 °C), is 
probably because:  
a). The rock glacier remains reflect the coldest conditions during the Bottelnek Stadial, whereas those derived 
from groundwater analyses are the difference between two sets of temperatures averaged over 13 000 yr periods, 
during which there may have been numerous climatic oscillations (Lewis, 2008a).  
b). The environmental adiabatic lapse rate (ELR) between the altitude of the Uitenhage–Coega area (which is 
little above modern sea level) and the Bottelnek region (at ~ 1900 m above modern sea level), when rock glaciers 
were active, may have reflected anticyclonic conditions, which produced subsidence and thus drying conditions, 
but also subsidence-related temperature inversion. Rock glaciers exist in cold, dry mountain regions, supporting 
the hypothesis that atmospheric conditions were essentially dry during at least that part of the Bottelnek Stadial 
during which rock glaciers were active. They also occur at lower altitudinal levels if there are suitable 
environmental conditions (Humlum, 1998). 
c). ‘There is no dissolved gas evidence for major temperature variations in the period 28,000 to 15,000 yr 
[uncalibrated] B.P.’ (Heaton et al., 1986). This lack of evidence is not proof that major temperature variations did 
not occur. 
2.2.2. Archaeological evidence 
2.2.2.1. The Eastern Cape Drakensberg 
Archaeological evidence from the Eastern Cape Drakensberg indicates that humans abandoned those uplands 
from an undetermined date between 25 031 BP, (when Strathalan was occupied), and 23 908 BP, (when no 
evidence of human occupation has been found at that site; Opperman and Heydenrych, 1990) and ~ 12 000 BP. 
By 11 853 BP the rock shelter at Ravenscraig (at an altitude of 1850 m) in the Sterkspruit valley, near Barkly 
East, was utilised by LSA foragers (Opperman, 1987; Tusenius, 1989; Lewis, 2005). LSA people also occupied 
the rock shelter at Te Vrede, 13 km west of Ugie at an altitude of ~ 1400 m, by 11 566 BP (Opperman, 1987). 
The lack of occupation, or at least of archaeological visibility, in the East Cape Drakensberg between ~ 24 000 
and 12 000 BP probably results from the area being abandoned during the harsh climatic and environmental 
conditions of the Bottelnek Stadial and the subsequent Late Glacial. 
2.2.2.2. Lower altitudes 
At lower altitudes, in the Cape Fold Belt near Grahamstown, in coastal regions west of Port Elizabeth and at 
Boomplaas near Oudtshoorn, there is some evidence of human occupation during the Bottelnek Stadial. 
2.2.2.2.1. Melkhoutboom 
At Melkhoutboom, some 80 km west of Grahamstown in the Cape Fold Belt, at an altitude of 650 m, people of 
LSA (Robberg) culture occupied a cave by 18 345 BP (Deacon, 1976). This date was derived from a hearth 
resting on bedrock and in the lowest unconsolidated sediments (the ‘Basal Unit’) on the cave floor. The lack of 
any older unconsolidated sediment makes it impossible to ascertain whether the site was occupied before that 
date. 
Faunal remains in the Basal Unit indicate that, during its formation, the Melkhoutboom region was occupied by 
red hartebeest (Alcelaphus caama), black wildebeest (Connochaetes cf. gnou), blue antelope (Hippotragus cf. 
leucophaeus), kudu (Tragelaphus strepsiceros), warthog (Phacochoerus aethiopicus), quagga (Equus cf. quagga), 
and by rock hyrax (P. capensis), aardwolf (Proteles cristatus) and pangolin (Manis sp) (Deacon, 1976). 
Red hartebeest and black wildebeest are predominantly grazers and their preferred habitat is open grassland or, in 
the case of red hartebeest at present, the semi-desert of Botswana and adjacent Namibia where there are ‘vast 
stretches of dry grassland with scattered low bush’ (Skinner and Smithers, 1990). Kudu is predominantly a 
browser of savanna woodlands. The quagga, which is extinct, was a grazer of open country. The blue antelope is 
also extinct. Warthog live on grasses, sedges, herbs, shrubs and wild fruits and show preference for grasses 
growing in damp areas (Skinner and Smithers, 1990). 
The faunal evidence thus suggests that the environment around Melkhoutboom during at least that part of the 
Bottelnek Stadial evidenced by the Basal Unit was characterised by dry and essentially open grasslands with 
scattered low bushes, with wetter grasslands and possibly woodlands along valley bottoms. 
2.2.2.2.2. Howison’s Poort 
The rock shelter in Howison’s Poort (Deacon, 1995) was occupied during the earlier part of the Bottelnek Stadial, 
between at least 22 886 BP and 22 139 BP. The next absolute date from the site is 13 060 BP so that, although 
artefacts occur in the horizon that (Deacon, 1995) considered to form during the Howison’s Poort culture period, 
which she argued extended from ~ 22 886 BP until at least 13 060 BP, there is no indisputable evidence that the 
site was occupied throughout that period, even occasionally (Lewis, 2007). No faunal or palaeobotanical evidence 
has been presented from the site so that, apart from proving that foragers occupied the area in the earlier part of 
the Bottelnek Stadial, nothing else of environmental value relating to that Stadial has been established. 
 
 
2.2.2.2.3. Klasies River Mouth 
In the coastal regions west of Port Elizabeth there is no dated evidence of occupation at KRM from 21 796 BP 
until 13 803 BP (Singer and Wymer, 1982) and that latter date is unreliable, as stated in Section 2.1.4.4. KRM 
therefore provides little information on what happened to humans or to the remaining fauna of the area during the 
Bottelnek Stadial. 
2.2.2.2.4. Nelson Bay Cave 
Nelson Bay Cave (NBC), near Plettenberg Bay, was occupied by people of LSA Robberg Culture at 22 068 BP 
and artefacts of that culture occur throughout the sediments deposited between 22 068 BP and somewhat before 
~ 14 000 BP (Lewis, 2007). Archaeologically sterile deposits immediately underlie those dated to 22 068 BP but 
are underlain by sediments that contain MSA artefacts (Klein, 1971; Butzer, 1973). The sterile sediments may 
reflect the harshest conditions of the Bottelnek Stadial during which the site may have been abandoned. 
The oldest sedimentary unit with LSA artefacts, (unit YGL), dates to between 22 068 BP and ~ 20 000 BP. Klein 
(1972) showed that the most common animals represented by bones in this unit, (apart from those of rock hyrax, 
P. capensis), were grysbok/steenbok (Raphicerus sp), blaawbok/(?) roan (Hippotragus spp.), African buffalo (S. 
caffer), eland (T. oryx), blesbok/bontebok (D. dorcas) and red hartebeest (A. caama). These, except for the 
grysbok/steenbok, were predominantly open-country grassland animals, although buffalo need shade in hot 
weather and red hartebeest occurs at present in open woodland and in semi-desert bush savanna as well as in 
open-country grasslands (Skinner and Smithers, 1990). 
The next uppermost unit, YSL, which contains material dated to 19 840 BP, also harbours the remains of 
predominantly open-country grassland animals: red hartebeest (Alcelaphus cf caama), springbok (Antidorcas cf 
marsupialis), grysbok/steenbok (Raphicerus sp), blesbok/bontebok (Damaliscus cf dorcas), wildebeest 
(Connochaetes cf gnou), blaawbok/(?) roan (Hippotragus) and African buffalo (S. caffer) (Klein, 1972). 
The succeeding sedimentary unit (BSL), which is older than 14 152 BP, (the date of charcoal fragments in the 
next unit upwards), contains essentially the same faunal suite, but has fewer mammalian remains than the lower 
YSL unit (Klein, 1972). 
The faunal evidence therefore suggests that the vegetation of the NBC district between ~ 22 000 BP and an 
unknown time before 14 152 BP, was that of an open-country grassland habitat, possibly with some shrubland, 
unlike the present climax vegetation of closed evergreen forest (the Afromontane vegetation type of the Forest 
Biome of Low and Rebelo, 1996). This implies that the climate of that period of the Bottelnek Stadial and Late 
Glacial was cooler and drier than at present. 
Klein (1972) reported a ‘near absence of sea creatures in deposits older than [~ 14 000 BP]’. He attributed that to 
a lowering of sea level during the maximum of the last glacial stage, when he believed the shoreline lay some 75–
80 km distant from NBC: ‘far greater than the regular distance that hunter–gatherers could be expected to travel 
from home base to food source’. People may therefore have occupied the cave less frequently, or for shorter 
periods, during the maximum of the Bottelnek Stadial than during more recent periods when sea level was higher 
and the coast nearer by. 
Increasing distance from the shore during times of low sea level may explain why the region was drier during the 
Bottelnek Stadial than at present, especially if much of the moisture was carried by cold fronts, embedded in 
westerly winds that brushed the coast rather than moving inland, and by advection of air from the Indian Ocean 
(Preston-Whyte and Tyson, 1988). 
Isotopic analyses of bones dating to 21 451 BP (Sealy, 1996) indicate that grazing animals (S. caffer and 
Hippotragus spp) ate a mixture of C3 and C4 grasses in the NBC area during the Bottelnek Stadial. This suggests, 
(but does not prove), that the region then experienced year-round rainfall, and hence atmospheric circulation 
similar to that of the present, and that neither the Mediterranean winter rainfall region nor the summer rainfall 
region then dominated the area. This is contrary to the conceptual models of Heine (1982) and of Cockcroft et al. 
(1987), and of the ‘regional climatic homogenisation’ suggested by Chase and Meadows (2007). These scientists 
considered that the winter rainfall zone, which presently exists only in the south western Cape, extended across 
this region during glacials, as it also expanded northwards along the west coast of southern Africa, due to an 
increase in frequency/intensity of frontal systems in westerlies extending northwards as a result of Antarctic sea–
ice expansion (Gersonde et al., 2003; Chase and Meadows, 2007). 
Humans occasionally occupied NBC during the Bottelnek Stadial, as evidenced by artefacts within the cave 
sediments (Klein, 1971; Butzer, 1973; Fairhall and Young, 1973; Inskeep, 1987). 
2.2.2.2.5. Boomplaas 
Boomplaas, near Oudsthoorn, was occupied at 24 056 BP (Deacon and Brooker, 1976) and appears to have been 
occupied, periodically, throughout the Bottelnek Stadial. Avery (1982), through her study of micromammalian 
remains, suggested that the vegetation was ‘generally fairly open’ between 24 056 BP and 16 965 BP, but 
possibly semi-arid on the valley floor, with grassy vegetation on hillsides. This supports the findings of Klein 
(1978), and Brink (unpublished) as summarised by Deacon et al. (1984), that the remains of the hartebeest tribe 
(Alcelaphini), horses, eland (T. oryx) and klipspringer (Oreotragus oreotragus) were the most common faunal 
remains in the sedimentary horizons at Boomplaas dating to between ~ 24 000 BP and ~ 17 000 BP. They 
indicate the presence of grassy habitats near the site at that time. The high frequency of alcelaphine remains is 
‘evidence of drier climate at the Last Glacial Maximum’ than during the previous interstadial, when climate was 
‘less cold but moister than at the Last Glacial Maximum’ (Deacon et al., 1984). 
Micromammalian remains from Boomplaas dating to between ~ 24 000 and 17 000 BP show that Saunder’s vlei 
rat (O. saundersae) was the dominant rodent there at that time. Micrommalian assemblages indicate that 
conditions were then dry and cold, although amelioration of these ‘extreme harsh, cold and dry conditions at the 
LGM had begun by [17] ka’ (Deacon et al., 1984). 
Examination of charcoal from Boomplaas suggests that woodland was virtually absent from the adjacent Cango 
valley between ~ 24 000 BP and ~ 17 000 BP, but that amelioration of climate, which was evident by 
~ 17 000 BP, subsequently enabled trees to return to the valley (Scholtz, 1986). Charcoal remains also show that 
shrubland existed in the area at ~ 38 027 BP, when ‘climatic conditions were neither as dry or as cold as at the 
last Glacial Maximum’ (Deacon et al., 1984). The charcoal evidence, however, may be misleading, since the 
reduced level of CO2 in the atmosphere during glacials, rather than palaeoclimatic conditions, may have 
influenced vegetation growth (Ehleringer et al., 1997; Chase and Meadows, 2007). Pollen evidence shows that 
species diversity was low in the Boomplaas area during the ~ 24 000–17 000 BP period (Deacon et al., 1984). 
Boomplaas was occupied more frequently by hunter–gatherers during the period immediately prior to 
~ 24 000 BP (during the Birnam Interstadial) than in the Bottelnek Stadial between ~ 24 000 BP and ~ 17 000 BP, 
when it was used by ‘relatively mobile groups’ (Deacon et al., 1984). 
Faunal, floral and artefactual remains indicate that the Bottelnek Stadial was a time of harsh and relatively dry 
and cold conditions at Boomplaas, but that the area was occupied by mobile forager groups throughout that 
period. At ~ 17 000 BP there appears to have been ‘a major episode of large mammal extinctions’, and thereafter 
giant hartebeest (Megalotragus priscus) and giant buffalo (P. antiquus) no longer occur in the faunal record at 
Boomplaas (Klein, 1978). 
2.2.3. Summary: the Bottelnek Stadial 
During the Bottelnek Stadial, from ~ 24 000 BP until before ~ 17 000 BP, cold and dry conditions prevailed in the 
Eastern Cape and adjoining areas. (These dates essentially agree with those established by the EPILOG group for 
the LGM (23 000 BP until 19 000 BP (Chronozone Level 1) or 24 000 BP until 18 000 BP (Chronozone Level 2); 
Mix et al., 2001).) MAAT in the Drakensberg early in the Stadial may have been as low as − 8 °C or even less, 
while precipitation measured in terms of water equivalent may have been less than 70% of that of the present. 
Rock glaciers and small glaciers were active above ~ 1900 m and the environment was so inhospitable that 
humans abandoned the uplands. They continued to occupy lower areas, as at NBC and at Boomplaas, but 
population densities, judged by the frequency of occupation of those sites and the abundance of occupation 
remains, were low. 
There is no evidence of human occupation inland of the Cape Fold Belt in the Eastern Cape during the Bottelnek 
Stadial although Melkhoutboom, in the north of that region, was occupied by 18 345 BP. Sea levels fell during 
the Bottelnek Stadial, and there is little evidence of the use of marine foods, even in presently coastal areas. 
2.3. The Late Glacial 
2.3.1. Introduction 
Renewed organic sedimentation, for which no evidence has been reported from the Eastern Cape from 
~ 22 000 BP until 15 007 BP, took place within the Late Glacial, which succeeded the Bottelnek Stadial. 
Palynological investigations at Aliwal North, (at an altitude of ~ 1400 m), showed that organic sedimentation 
began there somewhat before 15 007 BP (Coetzee, 1967). On the Winterberg (Meadows and Meadows, 1988) 
organic sedimentation also began at about 15 000 BP, the age of the oldest radiocarbon dated organics at Dunedin 
in those uplands being 14 876 BP. At the nearby site of Salisbury the earliest date was 13 954 BP. The remaining 
evidence from the Late Glacial comes from archaeological investigations at lower altitudes and from geomorphic 
investigations of sand movement in the Alexandria coastal area. 
2.3.2. Palynological evidence 
2.3.2.1. Aliwal North 
At Aliwal North, the period from ~ 15 000 BP until ~ 10 000 BP was characterised by marked climatic 
fluctuations (Coetzee, 1967). There was an initial warming phase, prior to 15 000 BP, in which organic 
sedimentation began. This was succeeded, between ~ 15 000 and 14 000 BP, by relatively moist and cool 
conditions in which grasslands invaded the area. Between ~ 14 000 and 12 000 BP the climate became relatively 
dry and Karoo-type vegetation invaded the area. Grassveld again occupied the area from ~ 12 000 to 11 500 BP 
under relatively moist climatic conditions (Lewis, 2005). Between ~ 11 500 BP and ~ 10 000 BP (during the 
Early Holocene) Karroid vegetation again invaded the Aliwal North area, indicating a reversion to dry and warm 
conditions. 
2.3.2.2. The Winterberg 
The pollen diagrams from the Winterberg (Meadows and Meadows, 1988) suggest that, soon after organic 
sedimentation began, open grassland was widespread. Sampling of the organic cores obtained from Dunedin and 
Salisbury, which was done at 5 cm intervals, failed to indicate the Late Glacial climatic oscillations identified by 
Coetzee (1967) from Aliwal North. 
2.3.3. Archaeological evidence 
2.3.3.1. The Drakensberg and Winterberg 
There is no evidence of human habitation of these upland areas during the Bottelnek Stadial or during the Late 
Glacial until 11 853 BP, when LSA foragers occupied the rock shelter at Ravenscraig, near Barkly East in the 
Drakensberg (Opperman, 1987; Tusenius, 1989; Lewis, 2005). Hartebeest/wildebeest (Alcelaphus/Connochaetes) 
and Equus sp. were the most common faunal remains at Ravenscraig (Opperman, 1987). These animals, being 
grazers, indicate that grassland existed in the Ravenscraig area (at altitudes around 1850 m) as it did in the Aliwal 
North area (around 1400 m), at that time (Coetzee, 1967). 
2.3.3.2. Melkhoutboom 
In the archaeological excavations at Melhoutboom the Basal and Rock Fall Units date to between ~ 18 345 BP 
and ~ 12 244 BP and hence extend from the Bottelnek Stadial into the Late Glacial (Deacon, 1976). The only 
floral remains from these Units are carbonised seeds, provisionally identified as Cassine cf. aethiopica, Euclea sp. 
or Diospyros sp and Jatropha capensis (Deacon, 1976, 109). These are forest margin and semi-karoid species. 
They indicate that ‘discontinuous patches of climax temperate ever-green forest’ existed in kloofs (valleys eroded 
into steep hillsides) around the archaeological site (Deacon, 1976, 109), possibly during the Bottelnek Stadial and 
Late Glacial or during part/s of the ~ 6000 years spanned by the available dates. 
Faunal remains from the Basal and Rock Fall Units show that red hartebeest (Alcelaphus cf. caama), 
blesbok/bontebok (Damaliscus cf. dorcas), blue antelope (Hippotragus cf. leucophaeus) and, especially, quagga 
(Equus cf. quagga) were common in the area between ~ 18 000 BP and ~ 12 000 BP (Deacon, 1976). ‘These are 
grassveld animals and essentially grazers. They are diurnal, gregarious and migratory [and] typical of the inland 
biome’ (Deacon, 1976, 114). 
The floral and faunal evidence, though limited, indicates that during at least the latter part of the Bottelnek Stadial 
and probably through much, or all, of the Late Glacial, the Melkhoutboom area lay within a predominantly 
grassland region. Forest patches existed in better-watered kloofs. Through this area, as in historical times (Skead, 
1958, 54), essentially grassland animals presumably migrated between the interior and the coastal regions. 
The human response to this environment, developed in a semi-arid but not particularly cold or harsh climate, was 
to occupy Melkhoutboom periodically from ~ 18 000 BP during the Late Glacial, since there was ‘an adequate 
grass component [to the vegetation] to support herds of grazers and an appropriate hunting strategy’ (Deacon, 
1976, 118). Deacon (1976, 117) maintained that there is sufficient evidence at Melkhoutboom to prove ‘the 
existence of a stable population in the far eastern zone of the Cape Folded Mountain Belt from some [18 000] yr 
ago’ (Deacon's date of ‘some 15 000 yr ago’ calibrates to ~ 18 000 B.P). 
2.3.3.3. Howison's Poort 
When (Deacon, 1995) re-excavated the Howison's Poort type-site she found a blackish- coloured horizon that had 
a higher quantity of artefacts than had the other stratigraphic layers that she encountered. She reported that this 
horizon contained ‘three vertical concentrations…marked by stone artefacts’, although these horizons appear to 
be horizontal in the relevant Figure in her paper (Lewis, 2007). These horizons dated, when calibrated, to between 
~ 23 000 and ~ 22 000 BP (the lowest concentration) and 13 060 BP to 10 552 BP (the uppermost concentration 
(Lewis, 2007). Deacon's intermediate concentration was of the same age as the lowest concentration and is 
probably best interpreted as part of it. 
The dates and stratigraphy of the blackish layer suggests that the artefacts within it date to the beginning of the 
Bottelnek Stadial, and to the later part of the Late Glacial. Deacon's (1995) report does not make it clear whether 
artefacts occurred throughout the blackish layer or only in the ‘vertical concentrations’. Assuming that the latter 
was the case, this implies that the shelter at Howison's Poort was utilised only near the beginning of the Bottelnek 
Stadial and not throughout that cold and arid period. The shelter was then reoccupied in the milder conditions of 
the later part of the Late Glacial but probably remained unoccupied from ~ 22 139 BP until ~ 13 060 BP. 
No bone, marine shell or egg shell remains have been reported from the Howison's Poort type-site, neither have 
any such remains been reported from elsewhere in Howison's Poort. There is thus little information on 
environmental conditions there during either the Bottelnek Stadial or the Late Glacial between ~ 22 139 BP (the 
date of the youngest of the older group of ages) and ~ 13 060 BP (the date of the oldest of the younger group of 
ages). 
2.3.3.4. Boomplaas 
Late Glacial conditions at Boomplaas are evidenced by deposits within the CL and BRL units in the 
archaeological excavation at that site. The CL unit dates to between ~ 18 000 BP and ~ 14 800 BP (Deacon, 
1979) and therefore extends through the earlier part of the Late Glacial. Red hartebeest/black wildebeest (A. 
caama/C. gnou), mountain zebra (Equus zebra) or quagga (Equus quagga) and eland (T. oryx) were the most 
common large mammals identified from remains in this unit, indicating that there was ‘substantially more 
grassland’ in the Boomplaas area between ~ 18 000 BP and ~ 14 800 BP than at present (Klein, 1978). 
Carbonised remains within the CL unit indicate that people brought plant material into the cave during that time 
period, but it has not yet been possible to identify which plants the remains are from (Deacon, 1995). 
Charcoal within the CL unit evidences re-colonisation of the area by trees, which had apparently disappeared 
during the maximum of the Bottelnek Stadial. Olea are the largest percentage of identified charcoal remains. Rhus 
spp (shrubs or small trees that seldom exceed 8 m in height; Palgrave, 1977) were the next highest identified 
charcoal remains in that unit (Deacon et al., 1984). 
The ‘Best developed trace of human occupation in the Boomplaas archive’ (Deacon, 1995, 123) occurred during 
the Late Glacial, between ~ 18 000 BP and ~ 14 800 BP. Artefacts that include ostrich eggshell beads, bone 
beads, bone points and a tortoise shell bowl indicate the cultural sophistication of the inhabitants, whom Deacon 
(1995, 123) maintains were ‘small groups of patch-bound foragers’. 
The BRL unit, that overlies the CL unit in the archaeological excavations at Boomplaas, dates to the Late Glacial 
and Early Holocene, between ~ 14 777 BP and ~ 10 218 BP. The most common large mammal remains in this 
unit are klipspringer (O. oreotragus), grysbok/steenbok (Raphicerus spp), and red hartebeest/black wildebeest 
(Alcelaphus buselaphus/C. gnou), as well as unidentified small Bovidae (Klein, 1978). Taken in conjunction with 
the charcoal record, where Olea remains important but Acacia karroo (Sweet thorn) appears for the first time 
(Deacon et al., 1984), the large mammal evidence suggests that after ~ 14 800 BP the climate became warmer and 
drier than previously, although frost and droughts may well have occurred. (A. karroo, like Olea, is frost and 
drought resistant; Palgrave, 1977). The micromammalian record (Avery, 1982) also suggests that between 
~ 14 800 BP and ~ 10 200 BP the climate fluctuated, with a rapid temperature rise. Avery (1982, 317) was of the 
opinion that the climate during this period was ‘mild and much closer to that of the Holocene than to that of the 
remainder of the Upper Pleistocene’. 
The time period between ~ 14 800 BP and ~ 10 200 BP at Boomplaas, was ‘a period of low intensity utilization of 
the cave’ (Deacon and Brooker, 1976). An archaeologically ‘sterile wash’ exists in the BRL unit (BRL 5) and 
Deacon (1979, 251) considers that it ‘marks the break between the Holocene and late Upper Pleistocene’, with the 
remains of small and medium sized antelope dominant in units above BRL 5 and ‘larger antelope and equids in 
those below’. BRL 5 may evidence climatic oscillation during the Late Glacial, and result from excessively dry, 
or cold, conditions. 
The lowest stratigraphic occurrence of marine shell beads at Boomplaas occurs in the BRL unit (Deacon, 1995). 
This suggests that, after ~ 14 800 BP, sea levels rose from their LGM lows so that the coast was much nearer to 
Boomplaas than during the Bottelnek Stadial and the earlier part of the Late Glacial. That made it possible for 
people to acquire marine shell ornaments and evidences contacts between the Boomplaas region and the 
coastlands after that date. 
2.3.3.5. Nelson Bay Cave 
Stratigraphic units GSL, CS and BSBJ, exposed in archaeological excavations at NBC, have been dated to the 
Late Glacial. A hearth in unit GSL dates to 14 152 BP, although the base of that unit might be considerably older. 
Dispersed fragments of marine shells and moderate numbers of bones and artefacts occur in that unit, which was 
succeeded by deposition of the next uppermost (CS) unit before 13 612 BP (Klein, 1971). 
The most common faunal remains in the GSL unit are those of rock hyrax (P. capensis), blaawbok/(?) roan 
(Hippotragus spp), bushpig (P. porcus), African buffalo (S. caffer), southern reedbuck (Redunca arundinum), 
mountain reedbuck (Redunca fulvorufula), grysbok/steenbok (Raphicerus sp.), and grey rhebok (P. capreolus). 
The unit also includes the first stratigraphic occurrence of Cape fur seal (Arctocephalus pusillus) and 
hippopotamus (Hippopotamus amphibius), as well as the uppermost stratigraphic remains of giant buffalo 
(Pelorovis sp) (Klein, 1972). 
The presence of Cape fur seal remains indicates that sea level had risen from its Bottelnek Stadial (LGM) low and 
was, by 14 152 BP or even sooner, sufficiently near NBC for people to hunt, or scavenge, seals and bring their 
remains back to the cave. Similarly, the hippopotamus remains suggest that sea levels were now high enough to 
impede drainage in coastal areas, thereby providing habitats suitable for these amphibian animals. The relative 
sea-level curve of Maud (1990) suggests that sea level was ~ 100 m below that of the present at ~ 14 000 BP. This 
would have placed NBC about 10 km from the coast, which the continental shelf bathymetry (Klein, 1971) 
indicates as at least 60 km less than when sea levels were at their lowest during the Bottelnek Stadial. 
The presence of the last remains, in an ascending sequence stratigraphically, of the giant buffalo also argues for 
environmental change, with grasslands, which appear to have been the preferred habitat of those animals, being 
replaced by more bushy vegetation suitable for reedbuck and grey rhebok. The climate, therefore, was probably 
warmer and wetter than during the Bottelnek Stadial and, if Klein's (1972) deduction about the vegetation (which 
was essentially a reflection of climatic conditions) is correct, may have resembled that of the present in the NBC 
area by ~ 14 000 BP. 
Between 13 612 BP and 11 961 BP, the dates that delimit the next succeeding stratigraphic unit (CS), sea level 
had risen such that the diet of the inhabitants of NBC included much shellfish, as evidenced by the large shell 
midden from which the unit is named (“Crushed Shell midden”). Moderate quantities of bones and artefacts were 
incorporated in that midden (Klein, 1971), although the emphasis seems to have been on marine rather than 
terrestrial foods. 
The most common vertebrate remains in unit CS were rock hyrax (P. capensis), blaawbok/ (?) roan (Hippotragus 
spp.), grysbok/steenbok (Raphicerus sp), grey rhebok (P. capreolus), bushpig (P. porcus) and Cape fur seal (A. 
pusillus), (Klein, 1972). The surrounding vegetation probably consisted of open woodlands with good grass 
cover, (which may have included medium to high stands of grass if the identification of roan is correct; Skinner 
and Smithers, 1990) and with denser bush (harbouring bushpigs and grysbok/steenbok) in the kloofs. The remains 
of Cape fur seal (A. pusillus) indicate that sea level was high enough, and the shore near enough, for seals to be 
scavenged and/or hunted by the inhabitants of the cave. There is insufficient evidence to indicate the extent to 
which the climate had changed from that during which unit GSL was deposited. 
The base of the overlying unit (BSBJ) dates to 12 296 BP, which compares favourably with the date of 11 961 BP 
for the top of the lower CS unit. The difference of 335 yr is statistically of little significance. The top of the next 
uppermost unit (Midden Jake) dates to between 10 167 BP and 9013 BP (Klein, 1971), which is well within the 
Holocene (Dupont et al., 2004).Unit BSBJ is therefore the last of the Late Glacial, or the first of the Holocene, 
units at NBC. 
BSBJ consists of large quantities of whole marine shells and contains numerous artefacts and bones (Klein, 
1971), showing that NBC was well used by the human population of the area at ~ 12 000 BP. The most common 
faunal remains are of Cape fur seal (Arctophalus pusillus), which are almost three times as plentiful as those of 
the next most common remains (blaawbok/(?) roan, Hippotragus sp). This indicates that sea level had risen in 
accordance with globally known rises (Clark and Mix, 2002), so that the coastline was within four or five 
kilometres of the cave (Klein, 1971). Hunters and scavengers were therefore able to exploit seals, from nearby 
beaches, as a major source of food. Rock hyrax (P. capensis), grysbok/steenbok (Raphicerus sp.) and bushpig (P. 
porcus) were also common, suggesting little change in the vegetation from that present during deposition of unit 
CS. 
2.3.3.6. The Cape Fold Belt west of Port Elizabeth 
A number of sites in the Cape Fold Belt, west of Port Elizabeth and east of the Little Karoo, have been excavated. 
They include Scott's Cave in the Gamtoos valley (Deacon and Deacon, 1963), various other shelters in that valley 
(Deacon, 1965), and The Havens Cave in the upper Gamtoos valley (Binneman, 1997). 
The lowest sediments at The Havens were deposited during the Late Glacial or earliest Holocene, unit GOW 
(incorrectly stated as GOL in Binneman, 1997, 95) dating to older than 11 181 BP. Shells of Nassarius 
kraussianus, a marine shellfish, occur in unit GOW in bead and shell form and, as beads, in the lower and basal 
unit: ROL. This indicates that, even before 11 181 BP, people at The Havens were in contact with coastal areas 
and either collected marine shells themselves, or acquired them from others. Sea level was therefore unlikely to 
have been far below that of the present by ~ 11 181 BP. Fresh water shells, of Unio caffer, also exist in units 
GOW and ROL, indicating exploitation of fluvial resources and suggesting that, at least during the Late 
Glacial/Holocene transition, there was appreciable flow in rivers in the coastal mountains. 
The faunal remains in the Late Glacial deposits at The Havens are predominantly grysbok species (Raphicerus 
sp.) and of unidentified but mainly small and small to medium sized Bovidae, with rock hyrax (P. capensis) and 
hares (Lepus sp.) being also prominent (Binneman, 1997). This suggests that the environment was not unlike that 
of the present, at least during that part of the Late Glacial that is represented by sediments at The Havens. 
2.3.4. Geomorphological evidence 
Butzer (1973) analysed grain sizes of sediments at NBC and concluded that units GCL, CS and BSBJ (the Late 
Glacial units), were deposited in a damper microclimate ‘than that coeval with accumulation of the overlying 
[Holocene] deposits’. This suggests that the Late Glacial may have been moister in that coastal area than the 
succeeding [Early] Holocene. 
Illenberger and Verhagen (1990) dated marine shells within the Alexandria dunefield and found that they 
predominantly date to between 14 800 BP and 12 500 BP (uncalibrated dates), possibly evidencing rising sea 
levels and possibly windy conditions during the Late Glacial. Whether the coastal accretionary sheet and 
headland bypass dunefields (Illenberger and Burkinshaw, 2008) are of the same age has not been determined. 
2.3.5. Summary: the Late Glacial 
Evidence from Melkhoutboom indicates that, by ~ 18 000 BP, the climate was warming. Temperature increases 
further west, at Boomplaas, were evident by ~ 17 000 BP, when ‘climatic conditions were neither as dry or as 
cold as at the last Glacial Maximum’ (Deacon et al., 1984). Evidence from Melkoutboom, taken in conjunction 
with that from Boomplaas and Nelson Bay Cave, indicates that, between ~ 18 000/17 000 and 
~ 14 800/14 000 BP, there was more grassland in the area between the northern rim of the Cape Fold Belt uplands 
(including the Little Karoo) and the present coastline, than there is now. 
Changing environmental conditions may have been responsible for the extinction of such mammals as the giant 
buffalo (P. antiquus) in the southern Cape by ~ 14 000 BP. Trees, which were absent in the Bottelnek Stadial, 
were starting to colonise the Boomplaas area by ~ 14 000 BP, and grassland was being replaced by more bushy 
vegetation in the NBC area. Sea level was also rising, (as Late Quaternary ice sheets melted, especially in the 
Northern Hemisphere), as evidenced by the first record of marine shells in deposits at NBC and by marine shell 
beads at Boomplaas. 
Deacon (1976, 117) considered that there was a ‘stable population in the far eastern zone of the Cape Folded 
Mountains from some [18 000] yr ago’, with small groups of ‘patch-bound foragers’ at Boomplaas between 
~ 18 000 and 14 000 BP. There were also dwellers in coastal areas, as at NBC, and probably in areas that are now 
submerged and offshore. Shifting sands and dunefields might mask evidence of colonisation of coastal areas east 
of Oyster Bay. 
Howison's Poort, in a Cape Fold Belt ridge in the Grahamstown area, was occupied by 13 060 BP, possibly by 
people migrating eastward along the ridge that rises above the Fish River lowlands in order to exploit the 
resources of valleys cut into that ridge. There is no evidence of occupation of the Fish River basin north of 
Grahamstown or of areas between there and the Drakensberg. The Drakensberg, which was abandoned by its 
human population during the rigours of the Bottelnek Stadial, was re-occupied by 11 853 BP. 
Between ~ 15 000 BP and 10 000 BP there were marked climatic oscillations in the Aliwal North area. These may 
be reflected by the incursion of Acacia karroo (Sweet thorn) into the Boomplaas area between ~ 14 800 BP and 
10 200 BP and by a rapid temperature rise there, allied with climatic fluctuations, evidenced by micromammal 
remains. The presence of freshwater shells at The Havens suggests appreciable river flow in the coastal mountains 
during the Late Glacial/Holocene transition. Vegetation changes in the NBC region, evidenced by faunal remains, 
may reflect the climatic oscillations more securely identified at Aliwal North. 
Insufficient information presently exists to establish reliable climatic statistics for the Late Glacial in the study 
area, although it was much milder and moister than the Bottelnek Stadial, but subject to considerable climatic 
oscillations. 
2.4. The Holocene 
2.4.1. Introduction 
Climatic changes during the Holocene are evidenced by geomorphological, palynological, groundwater and 
archaeological investigations, all of which are supported by isotopic analyses. 
2.4.2. Geomorphological evidence 
2.4.2.1. Eastern Cape Drakensberg 
Lewis (2005) has studied fluvial and other features in valleys in the Barkly East region of the Drakensberg. He 
has shown that flood plain deposition began, above ~ 1700 m in that area, by 10 000 BP as sediments were moved 
down valley sides, presumably mainly by slope wash. They were then transported downstream during occasional 
floods, to be deposited as floods waned. Palaeosols exist within flood plain sediments, as in the Langkloof near 
Barkly East, some of which contain charcoal fragments and what appear to be the remains of reeds. The climate 
therefore consisted of occasional heavy rainfall events, or possibly snowmelts, causing floods, and droughts in 
which veld fires occurred. 
Isotopic evidence suggests that C3 plants grew in or near flood plain areas in the Barkly East district, at least 
between 9883 BP and 8047 BP, as the flood plains developed (Lewis, 2005). The significance of the isotopic 
values has not been established. They may reflect the former existence of aquatic plants, karoo bushes, shrubs or 
herbs, or be genuine indicators of daily maximum temperatures below 25 °C during the growing season. They 
may even imply that the area lay within a winter precipitation regime at that period. 
By ~ 8000 BP alluvial fan deposition had begun on flood plains in the Barkly East district. Fan deposition ceased 
by ~ 7000 BP, suggesting increasingly dry conditions. The period from then until ~ 3200 was semi-arid and (?) 
cool. Relatively wet conditions existed between ~ 3200 BP and 2500 BP, but were succeeded by less wet 
conditions between ~ 2500 BP and 2000 BP. There then appears to have been a wet phase until ~ 900 BP, since 
when the climate has been drier but still comparatively moist (Lewis, 2005). 
2.4.2.2. Howison's Poort 
At altitudes below ~ 600 m, in Howison's Poort near Grahamstown (Lewis and Illgner, 1998), flood plain 
deposition began before 10 747 BP and continued until more recently than 4870 BP. Subsequently river incision 
transformed flood plain sediments into a threefold series of river terraces. Three river terraces also occur in the 
Langkloof near Barkly East (Lewis, 2005), so the threefold terrace sequence may reflect widespread climatic 
controls. Organic sediments dating to 4424 BP, in the Gamtoos valley near Loerie, apparently evidence wetter 
climatic conditions there than formerly (Butzer and Helgren, 1972). 
2.4.2.3. Coastal dunefields 
Dune fields apparently developed in coastal areas during the Holocene, reflecting either rises in sea level, or 
windy and relatively arid conditions, or both. Illenberger (1988) suggests that the Alexandria dunefield developed 
in a series of pulses, the first of which dates to about 6500 BP (uncalibrated age), when sea level was at its 
Holocene maximum. 
2.4.2.4. Conclusions based on geomorphic evidence 
The geomorphic evidence indicates relatively dry conditions in the Early Holocene, with a prolonged dry phase 
between ~ 7000 and 3200 BP in the Drakensberg, followed by wetter conditions in the Late Holocene. Nearer the 
coast and at lower altitudes, wetter conditions may have begun earlier than in the Drakensberg, as, apparently, at 
Loerie. 
2.4.3. Palynological evidence 
At Tiffindell, near the border between the Eastern Cape and Lesotho, at an altitude of ~ 2700 m, organic 
sedimentation began by ~ 5400 BP and there was a phase of gully erosion between ~ 2800 and 2700 BP (Rosen et 
al., 1999). This suggests that the Late Holocene was moister than the Early Holocene. Van Geel et al. (1996) have 
shown that there was an abrupt increase in precipitation in non-equatorial and tropical parts of the world between 
2750 BP and 2450 BP. Such increase, if it occurred in the Eastern Cape, might account for gully erosion at 
Tiffindell and for fluvial incision into former flood plains at lower altitudes. 
West of Tiffindell, at Badsfontein, organic sedimentation appears to have started around 4975 BP (Scott and 
Cooremans, 1990), indicating moister conditions in the Later than in the Earlier Holocene. 
At Dunedin, on the Winterberg (Meadows and Meadows, 1988), conditions prior to 8607 BP were apparently 
‘drier than those of today’. The presence of Olea and Podocarpus pollen after that date might indicate more 
humid conditions, but the lack of any younger absolute dates hinders interpretation of the pollen evidence. 
Nevertheless, the evidence seems to suggest that the Early Holocene was drier than the Later Holocene. 
(Martin, 1959) and (Martin, 1968) undertook palynological studies of sediments from Groenvlei, a lake located 
between dune cordons immediately east of Sedgefield, near Vankervelsvlei. He showed that dry conditions 
existed there prior to ~ 7000 BP, succeeded by a brief wetter phase lasting less than a millennium. There was then 
a dry period until ~ 2000 BP, after which there was more effective moisture, conducive to forest spread. Although 
Martin's work needs to be treated with caution, since the lake might have been affected by sea level or other 
hydrological (rather than climatic) changes, it suggests that the Early Holocene was drier than the Later Holocene. 
2.4.4. Groundwater evidence 
Groundwater recharge temperatures in the Uitenhage aquifer (Heaton et al., 1986) were higher during the 
Holocene than in previous years dating back to 28 000 (uncalibrated) BP, apparently reflecting higher MAAT 
during the Holocene. 
 
 
 
2.4.5. Archaeological evidence 
2.4.5.1. The Drakensberg: Ravenscraig and Colwinton 
People reoccupied the Drakensberg in the Barkly East district by 11 853 BP, when they used the rock shelter at 
Ravenscraig (Opperman, 1987). They left the bones of grazing animals on which they had been feeding, 
predominantly wildebeest/hartebeest (Connochaetes/Alcelaphus) and Equus sp., indicating that grasslands existed 
in that area at that time. By 11 295 BP there was ‘much less cultural material present’ in the dated occupation 
layer than in the earlier deposits, suggesting a reduction in human occupancy. At that time the Karoo plant 
Euryops dominated charcoal remains, suggesting that climatic conditions had become drier. Although 
Ravenscraig apparently continued to be used, occasionally, throughout the remainder of the Holocene, occupation 
was more frequent after 3210 BP, possibly in response to the wetter conditions of the Late Holocene when food 
was probably more plentiful than during the drier Early Holocene ([Opperman, 1987] and [Lewis, 2005]). 
At Colwinton, another rock shelter in the Barkly East district (Opperman, 1987), there is evidence of human 
occupation at 7183 BP but thereafter people ‘who differed culturally from the previous inhabitants’ visited the 
shelter and the Karoo plant Euryops (an indicator of dry conditions) dominated charcoal remains. By 1809 BP 
Cliffortia (a relatively moist loving plant) dominated charcoal remains, indicating a reversion to moister climatic 
conditions after the dry period between ~ 7000 BP and somewhat before then. Faunal remains indicate that grey 
rhebok (P. capreolus) replaced wildebeest/hartebeest (Connochaetes/Alcelaphus) as the most common source of 
meat by that time, presumably reflecting replacement of grasslands by a more-bushy environment. 
2.4.5.2. Foothills of the Drakensberg 
The foothills of the Drakensberg, which had been abandoned (like higher areas) during the Bottelnek Stadial and 
most of the Late Glacial, were reoccupied by 11 566 BP, when the shelter at Te Vrede, near Ugie, was utilised 
(Opperman, 1987). Bonawe, west of Elliot, was reoccupied by 8989 BP, but the next dated occupation of that site 
was not until 3065 BP (Opperman, 1987), after the pronounced dry period known to have existed in the area 
between ~ 7000 and 3200 BP (Lewis, 2005). The site at Grassridge near Dordrecht, was reoccupied by 7676 BP 
(Opperman, 1987). There was no dated occupation there more recent than 6889 BP. 
2.4.5.3. Cape Fold Belt near Grahamstown 
In the Cape Fold Belt, near Grahamstown, Uniondale (Brooker, 1989) was occupied by, if not before, 7219 BP 
and continued to be used, at least occasionally, until at least 2044 BP. Wilton (Deacon, 1972) was occupied at 
9227 BP and apparently continued to be used throughout the remainder of the Holocene as, further west, was 
Melkhoutboom (Deacon, 1976). 
2.4.5.4. From Grahamstown to the foothills of the Drakensberg 
The Fish River valley, near Grahamstown, appears to have been too dry for human occupation until the Later 
Holocene. The earliest date from a settlement site at Edgehill is 6283 BP, while at nearby Welgeluk the earliest 
date is 5286 BP (Hall, 1990). In the headwaters of the parallel Keiskamma River, at Middledrift, bone fragments 
scattered below an occupation level date to 5735 BP. They possibly indicate that humans utilised the area at that 
time (Derricourt, 1977). Further inland, on the lower slopes of the Winterberg, Fairview was apparently first 
occupied at 3924 BP (Robertshaw, 1984). In the Queenstown area, Oakleigh seems to have been first occupied at 
1901 BP (Derricourt, 1977). There thus seems to have been little utilisation of the drier lands between the Cape 
Fold Belt uplands and the foothills of the Drakensberg until late in the Holocene. This supports Deacon's (1974) 
assertion that occupation was absent in the drier inland areas of South Africa ‘between 9500 and 4600 
[uncalibrated] BP, although her paper preceded publication of such sites as Bonawe and Grassridge. 
2.4.5.5. Coastal areas 
Klasies River Mouth was utilised by LSA people from 5466 BP until at least 2318 BP, although it seems to have 
been abandoned during much of the Bottelnek Stadial, Late Glacial and Early Holocene (Singer and Wymer, 
1982). NBC, further west, was apparently occupied throughout the Late Glacial and the Holocene, although only 
dates older than the mid-Holocene are listed on Table 1. 
2.4.5.6. The Cape Fold Belt west of Port Elizabeth, and the Little Karoo 
The coastal mountains were occupied before 11 181 BP, which is the oldest date from The Havens in the 
Gamtoos River valley between the Baviaanskloof Mountains and the Kouga Mountains (Binneman, 1997). This 
site continued in use in the Early Holocene, at least until 7008 BP. Nearby Kommandokloof was used at 7303 BP 
(Binneman, 1999). Rautenbach's Cave, in the same area, may have been occupied before The Havens, but there is 
some doubt as to the provenance of the sample dated from that Cave (Deacon and Brooker, 1976). Rautenbach's 
Cave continued in use in the Late Holocene (Binneman, 2000). 
Boomplaas, in the Little Karoo, was apparently used throughout the Late Glacial and Holocene, although only 
dates older than the mid-Holocene are listed on Table 1. The youngest hunter–gatherer occupation of the site 
dates to ~ 2000 BP (Deacon, 1995). By ~ 1600 BP herders utilised the site. They kept sheep but there is no 
definite evidence that they kept other stock (Deacon, 1995). 
 
 
2.4.5.7. Transkei coastlands and valleys and the Lower Kei valley: Iron Age farmers 
By 1319 BP Iron Age farmers, thought to be from the KwaZulu-Natal region, were penetrating coastal valleys in 
Transkei, as at Lujojozi (Feely, 1987). By 1259 BP they had moved upvalley to the Mqanduli area, near M'thata 
(Umtata) (Vogel and Fuls, 1999). They had also moved further south, to settle the lower Kei valley at Kulubele 
(Binneman, 1996). Subsequent farming settlements included Ntsitsana (1179 BP; Prins, 1993) and Nkanya 
(1064 BP; Feely, 1987) in Transkei. Mpame, on the Transkei coast and first settled by 1191 BP (Cronin, 1982) 
was a shellfish collecting settlement, with a large midden, as well as probably a farming and hunting base. 
Undated Iron Age remains exist at Canasta Place, on the west bank of the Buffalo River near East London, as a 
surface scatter and in the uppermost layers of topsoil (Nogwaza, 1994). Iron Age artefacts also occur at various 
other sites on or near the coast, south west of East London, almost as far south as the mouth of the Great Fish 
River (Binneman, 1996). In these coastal areas, as at Chalumna, where ‘strandloper’ activity continued until at 
least 517 BP (Derricourt, 1977), foraging ways of life, associated with shellfish collecting, and with no or little 
evidence of farming, continued to exist. 
The incursion of Iron Age farmers into the Eastern Cape between 1319 BP and 1064 BP implied favourable 
climatic conditions for their ways of life and suggests that the climate at that time was not markedly different 
from that of the present in the same area. The apparent lack of penetration of Iron Age farmers south of the Great 
Fish River may be a reflection of colder and/or drier climatic conditions there, which were probably unsuited for 
the production of the tropical cultigens (Maggs, 1980) that were grown by these invaders. 
2.4.6. Summary: the Holocene 
Climatic fluctuations occurred during the Holocene. The Early Holocene was drier than the Late Holocene, with 
particularly arid conditions in the mid-Holocene. These extended from ~ 7000 BP until 3200 BP in the 
Drakensberg. Lowland areas nearer the Indian Ocean appear to have become moister earlier than upland areas 
further inland. Moister conditions in the Late Holocene, with increased runoff, caused river incision and the 
formation of river terraces. 
The Drakensberg was re-colonised at the end of the Late Glacial/start of the Early Holocene, but utilization of the 
area was very limited in the mid-Holocene dry period. People appear to have occupied at least some coastal areas, 
(certainly west of Oyster Bay), the Cape Fold Belt region, and at least the Boomplaas area of the Little Karoo, 
throughout the Holocene. There is no dated evidence of occupation of the Fish River basin inland of 
Grahamstown, or of the area between there and the foothills of the Drakensberg, until the Late Holocene. Low-
density colonisation of the Fish River basin took place after ~ 5000 BP, probably associated with increased 
rainfall and runoff. Colonisation of areas further inland, between there and the foothills of the Drakensberg, 
apparently occurred even more recently. 
There is insufficient information, as yet, to establish precise climatic statistics for the Holocene. 
3. Conclusion 
Four main climatic periods are evidenced in the Eastern and adjoining Western Cape from ~ 45 000 BP until the 
present:  
i). The Birnam Interstadial, which lasted from before ~ 43 000 BP until ~ 24 000 BP, in which conditions were 
relatively mild and moist. Population distribution extended from coastal areas to the Drakensberg, although it is 
not known whether all areas were occupied. Population density, as indicated by archaeological visibility, was low.  
ii). The Bottelnek Stadial, from ~ 24 000 BP until ~ 18/17 000 BP, in which conditions were essentially 
arid/semi-arid, cold and harsh, and sea levels were low. People apparently abandoned upland and interior areas 
but there is evidence of occupation in the Little Karoo (Boomplaas) and near the present coastline at Nelson Bay 
Cave, where conditions were less cold and probably less arid than in the interior. Presumably people also 
migrated to lowland areas exposed by receding sea levels, which are now submerged and offshore. 
iii). The Late Glacial, from ~ 18/17 000 BP until ~ 12/10 000 BP, in which, following initial increases of 
temperature and precipitation between ~ 18/17 000 BP (coincident with extensive temperature increases, as 
evidenced in the Vostok ice core from Antarctica; Petit et al., 1999) grasslands were initially extensive. 
Subsequently there were considerable climatic oscillations. People occupied the Little Karoo (as evidenced from 
Boomplaas), and at least parts of the Cape Fold Belt uplands (as evidenced from Melkhoutboom), as well as 
presently coastal areas (as evidenced from Nelson Bay Cave). Environmental changes in presently coastal areas, 
in which grasslands were apparently replaced by bushy vegetation, coincided with faunal extinctions by 
~ 14 000 BP, as of giant buffalo (P. antiquus). As sea level rose, marine food resources were utilised by coastal 
dwellers, as they may have been in earlier times in areas that are now offshore and submerged as a result of rising 
sea levels during the Late Glacial. From ~ 14 000 BP onwards, linkages between coastal areas and the Little 
Karoo and Cape Fold Belt uplands, were witnessed by marine shells/beads in archaeological deposits, as at 
Boomplaas and The Havens Cave. 
iv). The Holocene, from ~ 12/10 000 BP to the present, in which the Early Holocene was apparently drier than the 
Late Holocene and an arid/semi-arid period is evidenced, at least in the Southern Drakensberg, between ~ 7000 
and 3200 BP. The Drakensberg was reoccupied early in the Holocene (or end of the Late Glacial), but there is 
little evidence of occupation during the mid-Holocene dry period in those uplands. Coastal areas and the Cape 
Fold Belt were apparently occupied throughout the Holocene. Interior areas between the Cape Fold Belt and the 
Drakensberg, such as the Fish River basin, were apparently colonised in the Late Holocene, when the climate was 
moister than in the Early Holocene. 
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